Objective: To analyze the stability of occlusal changes promoted by the Frankel's Functional Regulator 2 (FR-2), in a mean period of 7.16 years post treatment. Methods: Fifty-four pairs of models were evaluated, from 18 patients treated with FR-2. All patients had Class II, division 1 malocclusion, with initial mean age of 10.77 years and were treated with FR-2 for 18 months. The models were evaluated at the beginning of treatment (T 1 ), at the end (T 2 ) and after 7.16 years post treatment (T 3 ). For occlusal evaluation, the treatment priority index (TPI) was applied on the three analyzed phases. The alterations that occurred between phases were verified with one another through paired Student's t test, with critical value of 0.05. Results: A statistically significant reduction of TPI was verified, from the initial to the final phase of the treatment, reflecting the efficiency of treatment performed with FR-2, specially due to improvement in molar relation, overjet and overbite. Apart from this, the Class II correction remained stable over time. Conclusions: In this way, it is concluded that the FR-2 appliance showed to be efficient for the dental correction of Class II malocclusion, with stable occlusal results after 7.16 years post treatment.
intROduCtiOn
Class II, division 1 malocclusion, involves maxillary dental and/or skeletal alterations. According to McNamara Jr, 21 this malocclusion has a higher prevalence of mandibular retrusion in relation to maxillary protrusion. In such cases, the therapy of choice should include the use of facial orthopedic appliances resulting in a mandibular advancement, as long as the patient presents potential for craniofacial growth. 5, 20 One of the great advantages of functional appliances is related to a less extreme treatment approach than extractions, and when used during the pubertal growth peak they can correct dental and skeletal discrepancies in the sagittal, vertical and transversal directions. 5 When analyzing the various types of appliances described in the literature for orthopedic correction, the Fränkel functional regulator appliance (FR-2) is an alternative, as recommended by Rolf Fränkel. 8 According to Fränkel 9 FR-2 is indicated in the early stage of mixed dentition, between 6.5 and 8 years old for the Class II, division 1 malocclusion, with mandibular retrognathia, presenting strong horizontal and vertical over bite, however, in the presence of severe upper incisor protrusion, a pretreatment is advisable for reducing it.
The main effects caused by this appliance are: 1) An average increase in the overall mandibular length from 3.3 to 4.4 mm; 4, 18, 20, 23 2) An increase of lower anterior facial height; 1, 4, 17, 18, 20 3) Uprighting of maxillary incisors and buccal movement of lower incisors; 1, 4, 10, 20, 25 4) Decrease of maxillary anterior growth; 4, 10, 20, 25 5 ) Distalization of upper molars; 4, 20 6) Extrusion of lower molars 4, 17, 20 and 7) increase of transversal arches width because this appliance works on the facial and masticatory musculature by applying shields to reach the bottom of the vestibule. This particular position of the shields promotes oral muscles relaxation causing traction of the periosteum, leading to bone growth stimulation. This allows the alteration of dentoalveolar development and contributes to the correction of dental trauma atresia. 10, 14, 19 This way, the action of vestibular shields in perioral and buccinator muscles creates an appropriate functional space, allowing the mandible to advance in anterior direction. 9 However, the increase in mandibular length obtained during treatment for correction of Class II malocclusion, when compared to a control group, has been questioned in literature regarding their effective gain over time. According DeVincenzo, 6 Herbst appliance caused a significant increase in mandibular length during treatment and also 2 years after treatment, then decreasing after 3 years, in relation to the control group. However, after four years of treatment, the mandibular length in the treated group did not differ statistically significant from the control group, being equated.
However, there are few studies evaluating the stability of the effects promoted by the FR-2. Differently from the results of DeVincenzo, 6 Perillo, Johnston and Ferro, 23 observed an improvement of the maxillomandibular relation with an increase of mandibular length in the group treated with FR-2 in relation to control group. The authors concluded that this increase in mandibular length remained five years after treatment without any relapse. Now, regarding the stability of transverse changes promoted by FR-2, Hime and Owen 14 observed that in the mean period of four years after treatment with this appliance, followed by fixed appliances, there was increased stability of intercanine distances, inter-first and second premolars and intermolars in the lower arch. The lower dental arch length decreased with treatment and continued to decrease during posttreatment.
It is clearly important for the orthodontist to verify the stability of mandibular length increase promoted by FR-2 over time. However, clinically, the changes promoted by the stability of orthodontic/orthopedic treatment will be observed by the patients by checking the intra and interarch relation. As a result of this and the lack of longitudinal studies examining the stability of the occlusal outcomes promoted by the FR-2, the aim of this study was to evaluate the changes in dental arches resulting from the use of FR-2 appliance and the stability of its effects in long-term by analyzing dental casts applying the TPI occlusal index.
MAtERiAL And MEtHOdS

Material
The sample included 54 pairs of study models from 18 patients, Caucasians, with Class II maloc-clusion, division 1, 7 patients had an end-on Class II molar relation and 11 complete Class II molar relation, 10 were males and 8 females. It were obtained from each patient the models in three different phases of treatment with FR-2: Initial (T 1 ), final (after 18 months of active use) (T 2 ); after treatment (after mean of 7.16 years posttreatment) (T 3 ) as shown in Table 1 . These patients were part of a sample previously treated in the Methodist University of Sao Paulo by a single operator, student of the Master's Program in Dentistry, Division of Orthodontics. 7 To select the sample of individuals who would perform orthopedic treatment with FR-2, the following criteria was used: Patients used the FR-2 for 18 months until the Class II correction. The appliance itself was used as over night retainer for 6 months on average. Patients were reevaluated after a mean of 6.66 years, after the retention period. To compose the sample of this study patients who had not undergone fixed orthodontic treatment in the post-retention stage with FR-2 were selected.
MEtHOdS
Orthopedic treatment
The treatment was performed with the FR-2 appliance as prescribed by Fränkel in 1966 8 . The mandibular advancement was achieved gradually, initially not more than 4 mm, with the aim of increasing mandibular growth in the anteroposterior direction to obtain a Class I molar relationship. Also, a transverse increase of the arches was sought through the muscular balance provided by the appliance, due to the action of the vestibular shields ( Figs 1A and B) .
The use of the appliance was indicated for 22 hours a day, being removed only for meals and cleaning, totaling a period of active treatment of 18 months in average. At the end of the period of active use, the patients used the FR-2 over night, for 6 months, with the purpose of retention.
Obtaining the study models
Impressions were taken of the upper and lower dental arches, reproducing all the teeth, alveolar process and buccal groove of the oral cavity for each patient. The casts were made with alginate, and the impressions were immediately poured with plaster, manipulated 30 seconds in a vacuum spatula (Polidental), followed by the use of a vibrating table (Knebel). The record of the patient's occlusion was performed by means of two folded wax sheets subsequently used for proper model clipping. A total of 54 pairs of models were analyzed, obtained from 18 patients at T 1 (before treatment); T 2 (after removal of FR-2), and T 3 (7.16 years on average, after treatment with FR-2). 
Occlusal measurements: tPi
For the occlusal evaluation on models at the initial, final and after treatment stages, the TPI index proposed by Grainger 12 was used. To perform the TPI index calculation, the subscores defined by the overbite and overjet dimensions, the number of displaced teeth to buccal or lingual rotations and posterior crossbites must be added up, following the column predetermined by molar anterior posterior relationship illustrated in Table 1 . With the exception of the rotation and buccal or lingual displacement all other TPI components are expressed along a continuous scale with positive and negative values. Inverted overjet cases, such as Class III malocclusion and / or anterior open bite are expressed with negative horizontal and vertical scores, respectively. A constant corresponding to molar relation is added to TPI score. The TPI score ranges from 0 to 10, and the higher the score, the more severe is the malocclusion ( Table 1) .
The TPI index components are defined based on the following criteria: » First molar relationship: Defined by a constant that reflects the severity of malocclusion. Based on the sagittal relation between the upper and lower first molars.
» Overjet: Distance from the labial incisal edge of most prominent maxillary central incisor to the labial surface over the incisal edge of the opposite lower central incisor, parallel to the occlusal plane.
» Overbite: Amount of vertical overlap of the maxillary central incisor on the lower central incisor, taken in relation to the amount of crown height of lower central incisor.
» Tooth displacement: Is the sum of the number of teeth noticeably rotated or displaced from ideal alignment, above 45° for the posterior teeth and with a displacement greater than 2 mm for anterior teeth.
» Crossbite: Buccal or lingual displacement of the posterior teeth. A crossbite is measured according to the number of teeth distant from the ideal relation cusp-fossa.
The TPI index was calculated for each pair of models in stages T 1 , T 2 and T 3 , with three tables for each patient.
It is noteworthy that all the casts were analyzed by a single examiner, previously calibrated, the results being transcribed in tables for statistical analysis.
Error control
Ten pairs of models in the three stages of development were randomly selected, on a minimum of 15 days after the first measurement. Thus, two sets of measures were obtained for the same patient in the same stage, carried out under the same conditions, but at different times.
Statistical analysis
Dahlberg's formula: Se = √ Σd 2 / 2n ("d" indicates the difference between the measurements of the same variable, and "n" indicates the number of compared cephalograms pairs).
For statistical analysis of obtained data, the analysis of variance (ANOVA) was used for repeated measures in the different observation periods (T 1 , T 2 , T 3 ). When statistically significant difference occurred in the ANOVA test Bonferroni's multiple comparisons test was applied. The critical value was 0.05.
RESuLtS
The data relating to method error are shown on Table 2 .
There was no systematic error -paired t test (p > 0.05) or even casual (all Dahlberg's errors were lower than 1). Tables 3 and 4 show changes in TPI during and after treatment with FR-2.
treatment Priority index (tPi)
Occlusal Changes promoted by FR-2 and its stability during the 7.16 years post-treatment are available in tables 3 and 4. It was found that the treatment with FR-2 was very effective, correcting in a statistically significant way the initial Class II malocclusion, with much lower values of TPI by the end of treatment compared to the beginning (T 2 -T 1 ). In addition, the correction of Class II malocclusion with FR-2 showed an occlusal stability after 7.16 years from the end of active treatment (T 2 -T 3 ).
diSCuSSiOn
The occlusal indexes have been used in orthodontics, both in public health and scientific research, with a special purpose of evaluating the severity of a malocclusion and the need for treatment, besides the results of orthodontic treatments. 13 Among them, there is the treatment priority index (TPI), recommended by Grainger, 12 which assesses the occlusal characteristics.
According to several authors, 2,3,24 TPI has been used as an efficient indicator of the presence and severity of malocclusion, as well as for assessing the effectiveness and need of orthodontic treatment. The present study chose to use the TPI occlusal index over the other indexes, for example, the PAR index. This was due to some peculiarities of the TPI, such as: 1) Measurement of posterior occlusal relation -in TPI the posterior occlusal relation is measured by the molar relationship, and in the PAR, it is measured by the intercuspation of the posterior teeth. Thus, a patient with a Class II, division 2 malocclusion, with complete molar relationship, could have a low score on the PAR, if the overjet was normal. However, this does not reflect the clinical difficulty of their treatment, as well as the importance of checking the molar relationship in the sample (initially presenting Class II); 2) In the PAR index, the lower anterior crowding does is not scored, unlike the TPI index, this is an important clinical data to be considered in terms of occlusal stability after treatment.
Considering that in recent decades scientific evidence has had great importance in dentistry, not only for determining results, but also for the long-term stability, Perillo, Johnston and Ferro, 23 in 1996, with this in mind, evidenced by cephalometric means the presence of longitudinal stability of effects promoted by FR-2 appliance. However, only Hime and Owen, 14 in 1990, verified by means of study models the stability of the longitudinal effects of FR-2 in the lower dental arch, so that from 11 assessed patients, some used the fixed orthodontic appliance after treatment with FR-2 and others did not, which probably interfered on the occlusal outcomes. Furthermore, the posttreatment lasted 2-7 years after treatment, which of course, has resulted in equivocal results regarding the stability of the cases.
Therefore, the importance of further longitudinal studies is emphasized to evaluate the occlusal stability changes caused by the FR-2.
Thus, in this study, the treatment priority index was applied on models in order to demonstrate the degree of severity of Class II malocclusion at the beginning of treatment, correction of the same with the FR-2 appliance, in addition to the stability of these changes in the period of 6.66 years after retention. For that, the TPI was evaluated on plaster models at the beginning of treatment (T 1 ), after using the orthopedic FR-2 appliance, in a mean period of 18 months (T 2 ); and finally, 7.16 years after the end of the orthopedic treatment (T 3 ).
The results obtained in this study proved to be scientifically reliable, since no systematic or random error was detected (Table 2 ). The FR-2 appliance proved effective for the correction of Class II malocclusion, a fact verified by a statistically significant decrease of the scores of the initial phase to the end of treatment (Table 3) . Initially, the mean score obtained was relatively high (6.18), specially because 11 patients had a complete Class II molar relationship and only 7 patients had end-on Class II; what also caused high scores was the overjet, with 16 patients presenting overjet between 5 and 9 mm and only two, with values greater than 9 mm. Furthermore, as expected in a Class II, division 1 malocclusion, most patients had increased overbite, and more than 80% of the sample had overjet greater than 1/3 of the crown of the lower incisors.
The correction of Class II malocclusion with FR-2 presented statistically significant values, as the final score obtained in stage T 3 , averaged 2.49 (Table 3) , especially considering that no fixed orthodontic treatment was held after orthopedic treatment. By examining the TPI index obtained at the end of orthopedic treatment, it is verified that much of the achieved correction is due to improvement of the molar relationship, overjet and overbite. This fact was already expected, since the use of the orthopedic appliance really aims at the correction of malocclusion, especially in the sagittal direction and, secondarily, in the vertical direction. At this stage (T 2 ), 73% of patients had an overjet between 2 and 4 mm (normal rate) and only 27% showed a horizontal overlap greater than 5 mm. These patients were probably those who at baseline had a horizontal overlap greater than 9 mm, i.e., very severe. Also, 73% of patients had normal vertical relationship at the end of orthopedic treatment, and only 27%, an overbite between 1/3 and 2/3 of the crown of the lower incisor. This demonstrates the degree of occlusal correction only using FR-2.
Few changes were observed in the displacement/crowding using FR-2, although this appliance provides through its shields, a transverse increase in dental arches, which probably would promote an improvement in dental crowding. 10, 19 Initially, there were only two patients with two or three displaced teeth, reducing to one patient with two displaced teeth at the end of treatment. Probably this fact has occurred because of sample selection, because patients with moderate to severe crowding are not suitable for orthopedic treatment with FR-2 11 often needing extractions for alleviate crowding. Also, very smooth changes are probably not detectable by TPI index, which only measures dental displacements greater than 2 mm and dental rotations greater than 45°.
After 7.16 years after treatment with FR-2 appliance, only patients who had not undergone fixed orthodontic treatment were analyzed. A significant stability was observed, since there was statistically significant difference between initial and posttreatment score (T 1 and T 2 ), and not between the final and posttreatment score (T 2 and T 3 ) (Table 3) . Thus, it can be asserted that 7.16 years after end of treatment for Class II malocclusion with the FR-2, there was occlusal stability of the changes caused by it, which corroborates with other studies that were conducted, however, in lateral cephalograms, 23 or models, but for a shorter evaluation period. 14 However, a small change in scores in the final phase of treatment and 7.16 years after removal of the FR-2 was found, from 1.94 to 2.49, not statistically significant. It is observed that the changes occurred in the posttreatment were mild, with mean differences in the scores of only 0.55. This mild recurrence occurred mainly in the molar relationship and overjet, i.e., the main changes promoted by FR-2 during orthopedic treatment. This was expected, since the greater the change during treatment, more chances for relapse. 16 In this sample, where the majority of patients had a complete Class II malocclusion some cases relapsed after 7.16 years, to a molar relationship of ¼ Class II. Perhaps this happened due to the absence of fixed orthodontic treatment, which would likely promote better dental intercuspation and consequently greater occlusal stability. 22, 23 Clinically, this mild recurrence was not even perceptible to patients, most of whom refused to perform the fixed orthodontic treatment.
COnCLuSiOn
This study showed that the FR-2 appliance proved to be effective for the occlusal correction of Class II malocclusion, acting mainly on the improvement of the overjet, overbite, and molar relationship. These occlusal effects were stable in the evaluated period of 7.16 years after orthopedic treatment.
